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Abstract 

Introduction: Extinction involves an inhibitory form of new learning that is highly dependent on the context for expression. 
This is supported by phenomena such as renewal and spontaneous recovery, which may help explain the persistence of 
appetitive behavior, and related problems such as addictions. Research on these phenomena in the sexual domain is 
lacking, where it may help to explain the persistence of learned sexual responses. 

Method: Men (n = 40) and women (n = 62) participated in a differential conditioning paradigm, with genital vibrotactile 
stimulation as US and neutral pictures as conditional stimuli (CSs). Dependent variables were genital and subjective sexual 
arousal, affect, US expectancy, and approach and avoid tendencies towards the CSs. Extinction and renewal of conditioned 
sexual responses were studied by context manipulation (AAA vs. ABA condition). 

Results: No renewal effect of genital conditioned responding could be detected, but an obvious recovery of US expectancy 
following a context change after extinction (ABA) was demonstrated. Additionally, women demonstrated recovery of 
subjective affect and subjective sexual arousal. Participants in the ABA demonstrated more approach biases towards stimuli. 

Conclusions: The findings support the context dependency of extinction and renewal of conditioned sexual responses in 
humans. This knowledge may have implications for the treatment of disturbances in sexual appetitive responses such as 
hypo- and hypersexuality. 
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Introduction 

It is thought that contexts play an important role in regulating 
responses and in related relapse behavior [1,2]. The role of context 
is best exemplified by the phenomenon of renewal. Renewal is the 
term used to describe recovery of extinguished behavior as a result 
of context change [3]. The renewal phenomenon has been 
demonstrated for Pavlovian and instrumental responding based on 
numerous reinforcers, including natural rewards such as food [4] 
and drug rewards [5]. Unfortunately, given its relevance for 
extinction-based treatments, studies on extinction and renewal in 
the human sexual domain are completely lacking. In the present 
paper, we report an experiment on extinction and renewal of 
conditioned sexual responses in sexually functional men and 
women. 

According to incentive motivation models, sexual motivation is 
the result of the interplay of a sensitive internal sexual system with 
motivational stimuli. Stimuli that can promote motivation are 
called incentive stimuli [6,7]. Their motivational valence can be 



unconditioned or conditioned as a result of associative leaning [8] . 
Some stimuli (e.g. genital touch) may be innately sexually 
competent (i.e. stimuli that can elicit sexual response without a 
learning history) and can therefore serve as incentive stimuli, but 
many sexual stimuli are not intrinsically sexually competent. 
Specific cues of sexually competent stimuli may gain learned 
incentive value through their association with the stimulus. Several 
studies, including some from our lab, have demonstrated 
conditioned sexual arousal responses in humans [9]. In classical 
conditioning, through the repeated association of a neutral 
stimulus (NS) with the unconditional stimulus (US), the NS wiU 
eventually trigger the same reaction as the US. Since the NS is no 
longer ineffective in eliciting a response but has become a 
conditioned stimulus (CS), the reaction to the CS is called the 
conditioned response (CR) [6,10]. Subsequent repeated presenta- 
tions of a CS without the US wiU result in a loss of conditioned 
responding, as the CS no longer predicts the aversive or appetitive 
US [11]. This learning process is known as extinction and has 
obvious clinical relevance as it is thought to be the core mechanism 
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for exposure therapy [12-14]. In exposure therapy, conditioned 
responses are lessened or inhibited by repeated or prolonged 
exposure to a cue (the CS) in absence of the event it used to predict 
(the US). However, many individuals relapse after being 'cured'. 
Therefore, although CS-alone presentations may extinguish 
conditioned responses, the extinction procedure does not seem 
to erase the originally learned CS-US association. It appears that 
this original association is retained [3]. 

Conditioned responding can 'renew' following a context shift 
out of the extinction context [1]. Renewal is the restoration of the 
CR in context A but not in context B when learning occurred in 
context A and extinction in context B. Extrapolating the renewal 
phenomenon to clinical practice, someone who acquired craving 
for internet-sex at home (context A), and is successfully 
extinguished by cue exposure therapy in a therapeutic setting 
(context B), may experience strong craving upon changing context 
such as sitting behind the computer at home (context A). 

The assumption that conditioned responses extinguish depen- 
dent upon context has been supported by animal studies [15]. In 
humans, the phenomenon of renewal is mainly studied in fear 
paradigms or studies on addiction [2,16-18]. It is demonstrated 
that fear returns when individuals are tested in a context different 
from the treatment context [12]. In a differential fear conditioning 
experiment by Vansteenwegen et al. [19], a neutral slide of a 
pictorial face (CS-I-) was paired with a loud noise (US). The CS-I- is 
the stimulus that is being followed by the US, whereas the CS— is 
not. Extinction of conditioned fear was established by presenting 
the CS without the US in a different context. Different contexts 
were obtained by manipulating the lighting in the experimental 
room, and acquisition took place in either a dark or illuminated 
room. When returning to the original acquisition context (i.e., 
ABA renewal), conditioned fear responding to the CS-I- renewed. 
EfiFting and Kindt [16] replicated this renewal effect in humans 
within an ABA renewal paradigm as used by Vansteenwegen et al. 
[19], making use of shocks as US. Changing the context after the 
extinction phase resulted in a significant increase of US expectancy 
ratings to CS-I- relative to CS— in Context A. However, no robust 
renewal effect for electrodermal responses could be demonstrated. 
In addition, there is evidence for renewal of conditioned responses 
following a context change in a])])rtitivc conditioning [2,20]. 

Although the evidence regarding renewal in human learning 
has accumulated in recent years, studies on renewal of sexual 
conditioned responses are lacking, despite the possible important 
implications for exposure-based treatment strategies for learned 
maladaptive sexual responses. The finding that paraphilia, 
hypersexuality and related sexual disorders are predominantiy 
observed in men [21,22] has led to the idea that men are more 
receptive to sexual conditioning than women, resulting in 
increased CR acquisition [23]. However, at present, it is not clear 
if gender differences in sexual conditionabUity do exist as results of 
conditioning studies are mixed [24—26]. However, a vast amount 
of research has shown that the neurotransmitter dopamine plays a 
major role in associative learning and sexual behaviour [27-29], 
and as gender differences in the number of dopamine neurons are 
influenced by several factors, including sex chromosome comple- 
ment [30], the presence of the Sry gene [31] and gonadal 
hormones, it is therefore thinkable that differences in sexual 
conditionabUity do exist between men and women, with men 
being more receptive to sexual conditioning. This, combined with 
the fact that adolescent maturation is a sensitive period for steroid 
dependent organization of neural circuits involved in sexual 
stimulus salience, sensory associations and sexual motivation [32], 
and the finding that for men, more than for women, visual stimuli 
preferentially recruit an amygdalo-hypothalamic pathway [33], 



gender differences in sexual conditionability seem plausible. In 
addition, it is proposed that sexual preferences of men are greatly 
influenced by early learning experiences, particularly during 
defined critical periods, such as adolescence [23,34]. In addition, 
women are beheved to have more 'erotic plasticity' [35]. The 
contradictory results of previous studies point to the importance 
for further investigation of possible gender differences in sexual 
learning. 

The present study is the first to investigate extinction and 
renewal of conditioned sexual responses in men and women. The 
experimental procedure of Effting and Kindt [16] was closely 
followed, except that now a sexually pleasurable tactile stimulus 
(vibrotactile genital stimulation) served as US. Two neutral 
pictures served as CSs, and subjective affect, subjective sexual 
arousal, US expectancy ratings and genital arousal were depen- 
dent variables. It was predicted that participants in both conditions 
(AAA and ABA) would show conditioned sexual responding after 
acquisition trials, which was expected to gradually decrease. As an 
index of renewal, it was predicted that upon a context change after 
extinction, the ABA condition would show recovery of conditioned 
responding on the test trials as compared to the last extinction 
trial. No increases were expected during these test trials in the 
Ai'Vj'X condition. In addition a stimulus response compatibility task 
(Approach and Avoidance Task, AAT) was included to assess 
implicit approach and avoidance tendencies towards the CS [36]. 
It was predicted that upon a context change after extinction, 
participants in the ABA condition would show stronger approach 
responding to CS+ relative to CS— on the AAT as compared to 
participants within the AAA condition. 

Method 

Participants 

Written consent was obtained from all participants before 
participation. Research participants were 40 men and 62 women. 
Participants were paid (€30,—) or received course credit for their 
participation. Participants were recruited through advertisements 
on social networks, and at the Universities of Leiden and 
Amsterdam. Inclusion criteria were: age between 18-45 years 
and a heterosexual orientation. Exclusion criteria were: sexual 
problems, an affective or psychotic disorder or abusive drug use, 
pregnancy or breastfeeding, and a medical iUness or medication 
use that could interfere with sexual response. The study was 
approved by the Medical Ethical Committee of the Leiden 
University Medical Center. 

Design and conditioning procedure 

The experimental design involved differential conditioning with 
one stimulus (the CS+) being followed by genital vibrostimulation 
(US) during the acquisition phase, whereas the other stimulus 
(CS— ) was never followed by genital vibrostimulation. Which of 
the two stimuli ser\'ed as the CS+ was counterbalanced across 
participants and conditions. In the ABA condition, participants 
received acquisition in one context (Context A), extinction in 
another context (Context B), and a test for renewal in the original 
acquisition context (Context A). In the AAA condition, acquisition, 
extinction, and testing took place in one and the same context 
(Context A). The colors of the lighting that served as Contexts A 
and B were counterbalanced at ross participants. For a schematic 
overview of the procedure see Figure 1 . 

In the preconditioning phase, participants saw four nonrein- 
forced presentations of the CS+ and four presentations of the CS — . 
Subsequendy, in the acquisition phase the contingency between 
CS-I- and US was learned. During this phase both the CS-I- and CS— 
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Figure 1. Schematic representation of the experimental procedure in both context conditions. In the AAA-condition, acquisition phase, 
extinction phase and test phase were in the same lighting context. In the ABA-condition the extinction phase was in a different lighting context than 
the acquisition phase and test phase. 
doi:1 0.1 371/journal.pone.01 05955.g001 



were presented 10 times each and the CS+ was always followx-d by 
the US. For participants in aU conditions acquisition took place in 
Context A. The extinction phase consisted of 10 unreinforced CS+ 
presentations and 10 unreinforced CS— presentations. After the 
extinction phase a test phase of 3 unreinforced CS+ presentations 
and 3 unreinforced CS— presentations was presented. During the 
whole procedure inter-trial intervals (ITIs) were 20, 25, or 30 s. The 
order of the length of the ITI was random, with the restriction of 
only two successive lengths. For participants in the AAA condition, 
extinction occurred in Context A, while for participants in the ABA 
condition extinction took place in a different context (Context B). 
The basic design for testing conditioning effects was a 2 (CS+ vs. 
CS— ) X 10 (trial) within subjects design. Similarly, the basic design 
for testing renewal effects was a 2 (CS+ vs. CS— ) x 3 (tried) within 
subjects design. 

Materials, Apparatus, and Recording 

Stimulus Materials, (see Text SI) Two neutral pictures 
served as CS+ and CS — . Each picture portrayed a black and 
white cartoon-like drawing of the head of a person. During 

intervals between the pictures, a white screen was presented. The 
CS+ and CS— were presented for 9 s each. 

Genital vibrostimulation. (US) was provided only during 
the acquisition phase, 8 s following the start of each CS+ for 2 s. 
For male participants, the vibrotactile genital stimulation was 
administered by means of a hands-off ring-shaped vibrator 
(AquasUks), which was placed by the participants themselves just 
below the coronal ridge. For women, a small hands-off vibrator 
(2 cm diameter) was used, placed on the cKtoris. The participants 
were instructed to place the vibrator in such a way it was most 
sexually stimulating. 

Context manipulation. Contexts were manipulated by 
illuminating the experimental room in either a pink or a yellow 
light. Lighting was supplied by a frame with six fluorescent tubes of 
36 ^\' ;t\\() pink and four yellow tubes), resulting in a slighdy 
dimmed colored illumination of the whole room. The experi- 
menter controlled the lighting from an adjacent room. 

Male genital sexual arousal was measured using an 
indium/gallium-in-rubber penile gauge assessing changes in 
circumference of the penis [37]. The penile gauges were calibrated 
before each laboratory session using a set of calibrated rings [38] . 
Participants were instructed to place the gauge midway along the 
penile shaft. Changes in electrical output caused by expansion of 
the gauge were recorded by a continuous DC signal. The indium/ 
gallium penile gauges were disinfected after each use, according to 



Sekusept plus disinfection procedure. Sekusept plus contains 
Glucoprotamine, which action spectrum covers bacteria including 
mycobacteria, fungi and viruses (e.g. Human Papillomavirus 
[HPV]) (MedCaT B.V.). 

Women's genital arousal was measured using a vaginal 
photoplethysmograph assessing vaginal pulse amplitude (VPA) 
[39] (see Text SI). The photoplethysmograph is a menstrual 
tampon-sized device containing an orange-red light source and a 
photocell. The light source illuminates the capUlary bed of the 
vaginal wall and the blood circulation within it. The photo- 
plethysmograph was disinfected at the LUMC by means of a 
plasma sterilization procedure between uses. Plasma sterilization is 
a highly effective method for the complete removal of all organic 
(and certain in-organic) material. Genital response was measured 
continuously during resting baseline, preconditioning, acquisition, 
extinction, and test phases. 

Subjective Ratings. Ratings of affective value, sexual arousal 
and US expectancy were collected during the preconditioning-, 
extinction- and test phase. Participants were first asked to rate, 
after each CS presentation, the affective value of the CSs by 
answering the question "What kind of feeling does this picture 
evoke in you?" on a seven-point Likert scale on a keyboard that 
varied from very negative to very positive. Then, subjective sexuEil 
arousal was rated by answering the question "How sexually 
arousing is this picture to you?" on a seven-point scale that varied 
from not sexually arousing at all to very sexually arousing. Then, 
US expectancy was rated by answering the question "To what 
extent did yon expect a vibration after this picture"? on a seven- 
point scale labeled from 'certainly no vibration' to 'certainly a 
vibration'. 

Other Measures 

Approach Avoidance Task. (AAT; see Text SI) [40]. This 
task assesses approach and avoidance motivational processes by 
requiring participants to respond to irrelevant feature of pictures 
by either pulling a joystick handle toward them or by pushing it 
away. The amount of time required to execute these actions is the 
dependent variable. Participants were presented with the CS+ and 
CS— pictures from the experiment, as well as neutral pictorial 
objects and cartoon faces resembling the CSs. Literature supports 
the AAT's validity in measuring approach/ avoidance motivational 
processes [41]. 
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Procedure 

Each participant was tested individually by a trained experi- 
menter of tlie same sex. After participants had given informed 
consent, the experimenter explained the experimental procedure 
and the use of the plethysmograph, penile gauge and vibrator. 
Then, the experimenter left the room to allow the participant to 
place the genital devices privately. Further instructions were given 
through written instructions on the monitor. Then a 5-minute 
resting period followed, during which a neutral film was played 
and baseline measurements of genital response were collected 
during the last 2 minutes. Then the preconditioning, acquisition, 
extinction and test phases followed. 

Immediately after the experimental procedure and after the 
participant removed the genital devices, the AAT was presented in 
the experimental room with the same lighting conditions as in the 
original acquisition context (A). After completing the AAT, 
participants filled in questionnaires about demographics, and 
sexual function (e.g., FSFI, IIEF). Finally, an exit interview 
questionnaire was administered. 

Data Reduction, Scoring and Analysis 

A software program (VSRRP98; developed by the Technical 
Support Department of Psychology, University of Amsterdam) was 
used to analyze the genital data. Mean penile circumference or 
mean VPA level during the 2-minute resting baseline period was 
calculated. Genital responses to the CSs were scored in three 
latency windows: during 4-8, 9-12 and 13-16 s following CS 
onset, respectively FIR (first interval response), SIR (second 
interval response) and TIR (third interval response). For FIR, 
SIR and TIR, change scores were calculated for each CS 
presentation by subtracting mean genital resting baseline from 
genital measures following CS presentation. 

For genital responses, effects were tested separately for men and 
women, with MLxed ANOVA's (General Linear Model in SPSS), 
with Stimulus and Trial as within-subject factors and Condition as 
between subjects factor. 

Analyses of subjective measurements and AAT scores were 
conducted for men and women combined. For subjective ratings, 
effects were tested with Mixed ANOVA, with Stimulus and Trial 
as within-subject factors and Condition and Gender as between 
saubjects factor. 

The Greenhouse-Geisser correction was applied to adjust for 
violation of the sphericity assumption in testing repeated measures 
effects. Preconditioning, acquisition, extinction, and test phases 
were analyzed separately. Effect sizes are reported as proportion of 
partial variance [42]. 

For the AAT, bias scores were calculated by subtracting median 
approach RT from median avoid RT for each image category. 
Median RTs were used because they are less sensitive to outliers 
than means. A positive bias score indicated a relatively faster 
approach compared to avoid RTs, whereas a negative score 
indicated a relatively faster avoid compared to approach RTs. To 
compare the AAA and ABA condition, bias scores were analyzed 
using ANOVA. 

Results 

Of the 62 women tested, genital data of 2 participants were left 
out. One data point in the acquisition phase of a male participant 
was discarded as outlier because this measure was above 4 SD 
from the mean (inclusion of this data point did not change results). 
Results from the AAT are based on 99 participants (see Text SI for 
specific information). 
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Penile Circumference 




Vaginal Pulse Amplitude (VPA) 




Figure 2. Mean penile circumference ciiange scores (a.) and Mean vaginal pulse amplitude (VPA) change scores (b.) during tiie third 
interval response window (TIR) following the CS+ and CS— during the preconditioning phase, acquisition phase, extinction phase 
and test phase for the two conditions AAA and ABA. Note that during the acquisition phase, the response represents responding to the CS+ 

plus the US. 

doi:1 0.1 371/journai.pone.0105955.g002 



Subject characteristics 

Participants were randomly assigned to one of the two context 
conditions with the restriction that conditions were matched on 
sex as close as possible: AAA (N = 49; Men, n = 20) and ABA 
(N = 53; Men, n — 20). Men and women did not differ in age, in 
sexual functioning, nor in prior experience with vibrostimulation 
across conditions, see Table 1 Subject characteristics. 

Genital Sexual Arousal 

Preconditionmg phase. Responses for three latency win- 
dows were analyzed: first, second, and third interval response 
(FIR, SIR, TIR, seeTex^ SI). Analyses were conducted to verify 
equal levels of penile circumference and VPA in response to the 
CSs during the preconditioning phase. For FIR and SIR, no 
difference in circumference or VPA following presentation of the 
CS+ and CS— was found, ^s > .11. VPA TIR in response to the 
CS— was higher as compared to the CS+, although this difference 



did not reach conventional level of significance, VPA, p < .08, 
4^ .06. 

Acquisition phase. Men: Figure 2, a summarizes penile 
circumference (TIR) to CS+ and CS— across trials for both 
conditions separately. The analysis of penile circumference in the 
acquisition phase revealed a main effect of Stimulus, FIR, F {1, 
36)= 12.39,/)< .01, i7^ = .26, SIR, f(l, 35)= 83.68, p<.01, j;^ = 
.70, TIR, i^(l,35)= 16.96, p< .01, f;^ = .33, meaning die 
vibrostimulation resulted in a genital response, as can be seen in 
Figure 2, a. Contrary to the expectation, penile circumference to 
CS— was larger as compared to CS+. No effects for Trial were 
observed, alljt)s> .24, and no significant 2 (Stimulus) x 10 (Trial) 
interaction was found, all ^s> .39. This pattern of acquisition did 
not differ between conditions as reflected by non-significant 2 
(Stimulus) X 10 (Trial) x 2 (Condition) and 2 (Stimulus) X 2 
(Condition) interactions, aRps>.4l. 
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Women: In line with previous studies [43,44], the analyses of 
VPA during the acquisition phase did not reveal a main effect of 
Stimulus on FIR, p< .08, and SIR, p = .28, whereas it did on 
TIR, showing that VPA was higher following the presentation of 
the CS+ plus vibrostimulation than following the CS — , f (1, 56) = 
27.74, p< .01, ril= .33. As can be seen in Figure 2,b, the 
vibrostimulation resulted in a genital arousal response. No 
significant effects for Trial were observed, FIR, p = .53; SIR 
p= .07;TlRp— .15. However, an interaction effect of Stimulus 
and Trial for VPA TIR was found, /'(5, 268) = 6.73, p< .01,?/^ = 
.11, indicating differentiation between genital responding to CS+ 
plus vibrostimulation and CS— over trials. This pattern of 
acquisition did not differ between conditions as reflected by a 
non-significant 2 (Stimulus) X 10 (Trial) X 2 (Condition) effect, 
p- .85. 

Extinction phase. Men: The 2 (Stimulus) X 10 (Trial) X 2 

(Condition) Mixed ANOVA revealed no overall larger penile 
responses to CS+ than to CS-, and showed no significant Stimulus 
X Trial interaction, ^s> .17. This indicates that there was no 
difference in penile responding towards the CS+ and CS-, and this 
pattern of responding did not change across extinction trials. In 
addition, no differences between the conditions were seen, ps> 
.30. An additional 2 (Stimulus) X 2 (Phase; Mean trial 1-4 precon 
and the first extinction trial) Mixed ANOVA for penile 
circumference, revealed a trend for Stimulus on FIR, F(l, 37) — 
2.92,p< .10, SIR, F(l,37)= 2.85,/)= .10, and TIR, F(l, 37) = 
2.99, p = .09. However, no interaction effect for Stimulus and 
Trial was observed, ps> .80, indicating no conditioned differential 
responding on the first extinction trial. Analysis of the entire 
extinction phase yielded no main effect for Trial, FIRjf) = .23; SIR 
p = .23; TIR p = .23. The additional 2 (Stimulus) X 2 (Phase; 
Mean trial 1^ precon and the last extinction trial) Mixed 
ANOVA revealed no main effect for Stimulus, ps> .58. In 
summary, the picture that was reinforced by genital vibrostimula- 
tion during the acquisition phase did not elicit greater penile 
circumference during the extinction phase, and both conditions 
did not differ in genital responding to the CSs, see Figure 2, a. 

Women: Because extinction of conditioned responding cannot 
be expected when there is no acquisition of conditioned 
responding, VPA FIR results are not reported. As expected a 
significant main effect for Stimulus was found, SIR, F{\, 57) = 
4.73, p< .03, .04; TIR, F{1, 56)= 5.78,^= .02, J?^ = .09, 
meaning the picture that was reinforced by clitoral vibrostimula- 
tion during the acquisition phase did elicit higher VPA during the 
extinction phase, as can be seen in Figure 2, b. Most crucial to our 
hypothesis, the ANOVA showed no significant interaction effect 
between Stimulus and Trial, SIR, p— .21, TIR, ^ = .21, meaning 
no extinction effect. The analysis also revealed that this pattern of 
differential responding towards CS+ and CS— did not differ 
between conditions, SIR, p= .30, TIR, p= .91. As expected, 
additional analysis of the first extinction trial yiiJded significant 
differences for VPA SIR F(l, 57)= 7.74, p< .01, rij= .12, and 
TIR, F{1, 58)= 3.96, p= .05, i]j= .06. Also, the analysis of the 
last extinction trial yielded significantly higher VPA in response to 
tiie CS+ tiian in response to the CS- for VPA SIR, F{1, 57) = 
4.31, p= .04, whereas no difference in VPA TIR could be 
detected, p= .12. Again, the pattern of differential responding 
towards CS+ and CS— did not differ between conditions, first 
extinction trial: ps> .24, last extinction trial: ps> .41. However, 
there was a main effect of Trial, indicating VPA was decreasing 
over time, SIR, ^"(4, 228)= 3.66, p< .01, »7p = .06; TIR, f(4, 
215) = 3.88,^< .01, Jj^ = .07. In summary, the conditions did not 



differ in conditioned responding during the extinction phase: AAA 
and ABA showed an equal differential VPA responding to the 
picture that was reinforced by clitoral vibrostimulation during the 
acquisition phase, and for both conditions this differential 
responding showed no complete extinction across trials. However, 
for both conditions VPA was decreasing over time (see Figure 2, 
b). 

Test phase. Because recovery of conditioned responding 

cannot be expected when there is no acquisition of conditioned 
responding, results for men were not reported for the sake of 
brevity. For the same reason, VPA FIR results were not reported. 

Women: The analysis of main interest, the 2 (Stimulus) X 2 
(Phase; last extinction trial and first test trial) 2 X (Condition) 
Mixed ANOVA, yielded a trend for Stimulus X Trial X 
Condition, F(l, ,56)= 3.10,/; = . 08, fj^ = .05. The 2 (Stimulus) 
X 3 (Trial) X 2 (Condition) analysis of the test phase for VPA SIR, 
yielded borderline significance on VPA SIR, F{1, 102) = 3.09, p< 
.06. Inspection of Figure 2, b, suggests these effects may be 
explained by unexpectedly large responses to the CS — . Therefore, 
we additionally conducted a separate 2 (Phase) X 2 (Condition) 
ANOVA for only CS+ responses on the last extinction trial and 
first test trial, see also [16,19]. However, no significant interaction 
effect was seen for Stimulus X Condition, p= .19. For VPA TIR 
the interaction most crucial to our hypothesis, Stimulus X Phase X 
Condition, yielded no significance, p= .19. The analysis of VPA 
TIR on the last extinction trial and first test trial, yielded a main 
effect for Stimulus, F(l , 56) = 4.18, p< .05, rjj= .07. Contrary to 
the expectations, no interaction effect for Stimulus X Phase X 
Condition was found, p = .24. Additional analysis of only CS+ 
responses during TIR, yielded no significance, p — .39. Hence, 
women showed no increased conditioned genital responding to the 
CS+ upon changing the context after extinction. 

Subjective measures 

Preconditioning phase For US expectancy and affective 
value, no difference in responding to the CSs was found between 
conditions and between men and women, all/?s > .20. However, 
for subjective sexual arousal there were marginally significant 
interaction effects for Stimulus X Gender, p< .09, and Stimulus X 
Condition X Gender, p = .06, meaning men and women tended 
to differ in ratings of subjective sexual arousal towards the CSs, 
with men rating the CS+, and women rating the CS— as slightiy 
more arousing. 

Extinction phase. US Expectancy: As can be seen in 
Figure 3, both conditions showed a robust increase of differential 
responding towards CS+ vs. CS— after the acquisition phase, and 
a decrease in this differential responding over trials. Analysis of US 
expectancy ratings during the preconditioning phase (Mean trial 
1^) and the first extinction trial, revealed a main effect for 
Stimulus, F{1, 97) = 128.07, p< .01, jy^ = .57, and an interaction 
effect for Stimulus and Trial, /?(!, 97)= 1 33.49, /?< .01, jj^ = .58, 
indicating a conditioning effect. The 2 (Stimulus) x 1 0 (Trial) x 2 
(Condition) x 2 (Gender) Mixed ANOVA of the extinction phase 
yielded a significant Stimulus X Trial interaction, F{3, 283) = 
47.39, p< .01, rij= .34. No significant Stimulus X Trial X 
Condition interaction was found, p= .16, meaning both 
conditions showed an equal loss of expecting the US after 
presentation of the CS+. Analysis of expectancy ratings on the first 
extinction trial and the last extinction trial, re\ c'alc'd a main effect 
for Stimulus, F{1, 97)= 135. 09, p< .01, rij= .58, and an 
interaction effect for Stimulus X Trial, F{1, 97) = 1 18.95, p< .01, 
r]^ = .55, indicating extinction of conditioned responding. Also a 
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Figure 3. US expectancy ratings following the CS+ and CS— during the preconditioning phase, extinction phase and test phase for 
men (top) and women (bottom) in the two conditions AAA and ABA. 

doi:1 0.1 371/joumal.pone.01 05955.g003 



trend was detected for Stimulus X Trial X Condition, F(l, 97) = 
2.97, p< .09, with the AAA condition showing stronger loss of US 
expectancy. Analysis of the first extinction trial yielded a 
significant main effect for Stimulus, F{1, 97)= 147.36, j!)< .01, 
rjp = .60. Likewise, analysis of the last extinction trial also yielded a 
significant main efiect for Stimulus, F{1, 95) = 9.6\,p< .01, rj^ = 
.09, but also an interaction effect for Stimulus X Condition, F{1, 
95) = 4.02, p< .05, = .04. This indicates there was still a 
difference in the ABA condition in US expectancy in response to 
the CS+ and the CS— on the last extinction trial. In sum, men and 
women showed an equal loss of expecting the US after 
presentation of the CS+. 

Affective Value: Men and women differed in conditioned 
responding after the acquisition phase, see Figure 4. For women, 
both conditions showed a more robust increase of differential 
responding towards CS+ vs. CS— after the acquisition phase, and 
a decrease in this differential responding over trials. 

The 2 (Stimulus) X 2 (Phase; Mean Precon trial 1^ and first 
extinction trial) X 2 (Condition) X 2 (Gender) Mixed ANOVA of 
the affective value ratings revealed an interaction effect for 
Stimulus X Trial, ^"(1, 97)= 29.73, p< .01, rjl= .24. Also an 
interaction effect was found for Stimulus X Phase X Gender, F(l, 
97)= 16.95, ^< .01, t]p = .l5. Analyses of the preconditioning 
phase and first extinction trial for men and women separately, 
yielded no significant interaction for Stimulus X Phase for men, 
F{1, 38) = 1.59, p = .22. This indicates there was no conditioned 
responding on subjective affect for men, as can be seen in 
Figure 4. For women, this analysis yielded a significant interaction 
effect for Stimulus X Phase, F(l, 59) = 52.92, p< .01, rj^ = .47. 



As expected, analysis of the extinction phase showed a 
significant Stimulus X Trial interaction, _F(4, 378) = 8.92, p< 
.01, rip= .09, indicating that the difference in rated subjective 
affect between CS+ and CS— gradually decreased across trials, 
which constitutes extinction. The ANOVA yielded no Stimulus X 
Trial X Condition interaction f (4, 378) = 0.62, p = .65, but did 
yield a significant Stimulus X Trial X Gender interaction, F(4, 
378)= 7.52, /;< .01, )fp= .07. 

Additional analysis of the first and the last extinction trial, 
revealed interaction effects for Stimulus and Trial, F(l, 96) = 
17.66, p< .01, ri^= .16, and Stimulus X Trial X Gender, F(l, 
96)= 14:37 , p< .01, i]p = . 1 3. No significant interaction effect for 
Stimulus X Trial X Condition was found, p — .54. Meaning, 
although both conditions showed equal loss of conditioned 
responding, this effect can be attributed to women's responding. 
Additional analyses of the first and the last extinction trial for men 
and women separately, revealed no interaction effect for Stimulus 
X Trial for men, F{1, 37) = 0.10, p — .76, meaning no extinction 
occurred. 

As expected, this analysis for women revealed a significant 
interaction effect for Stimulus X Trial, F{1, 59) = 34.47, p< .01, 
i]p = .37, indicating extinction. Analysis of the first extinction trial 
yielded a significant main effect for Stimulus, f(l, 97) = 28.19,j!>< 
.01, t]p= .23, and significant interaction effect for Stimulus X 
Gender, f(l, 97)= 19.28, p< .01, rjj= .17. Analysis of the last 
extinction trial still yielded a significant main effect for Stimulus, 
F{\, 97)= 5.69, p= .02, rjj^ .06, indicating differential 
responding towards the CS+ and CS— . 
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Figure 4. Ratings of subjective sexual arousal following the CS+ and CS— during the preconditioning phase, extinction phase and 
test phase for men (top) and women (bottom) in the two conditions AAA and ABA. 

clor:l 0.1 371/journal.pone.01 05955.g004 



Subjective Sexual Arousal: Figure 4 shows increased ratings 
of sexual arousal towards the CS+ on the first trials of the 
extinction phase, which constitutes conditioned responding. The 2 
(Stimulus) X 2 (Phase; Mean Precon trial 1^ and first extinction 
trial) X 2 (Condition) X 2 (Gender) Mixed ANOVA of ratings of 
sexual arousal, yielded a significant interaction for Stimulus X 
Phase X Gender, ^"(1, 94)= 5.69, p= .02, »/^ = .06. Subsequent 
analysis of the preconditioning phase (Mean trial 1-4) and the first 
extinction trial for men and women separately, yielded significant 
interactions for Stimulus X Phase for men, F(l, 36)= 6.73, p< 
.02, t]^- .16, and women, f(l, 58)= 38.20, ^< .01, f;^ = .40, 
indicating conditioned responding. However, as can be seen in 
Figure 4, women displayed a stronger conditioned responding. 
Moreover, in line with the expectation, the analysis of the 
extinction phase yielded a significant Stimulus X Trial interaction, 
F{4, 404)= 6.93, p< .01, j/^ = .07, meaning a decrease of 
conditioned responding over trials. No Stimulus X Trial X 
Condition interaction was found, /; = .96, but again a significant 
interaction for Stimulus X Trial X Gender, F(4, 404) = 3.72, p< 
.01, r]^= .04. For subjective sexual arousal, both conditions did 
not differ in loss of differential responding, that is extinction. 
However, women showed a greater loss of differential ratings to 
CS+ and CS— during the extinction phase than men, as can be 
seen in Figure 4. 

Analysis of the first and last extinction trial yielded a .significant 
interaction effect for Stimulus X Trial, F{1, 97)= 21.0, p< .01, 
f;^ = .18, indicating extinction of conditioned subjective sexual 
arousal. No significant interaction effect was found for Stimulus X 



Trial X Condition, p — .93, indicating no differences between the 
conditions in extinction of conditioned responding. Again an 
interaction effect was found for Stimulus X Trial X Gender, F(l, 
97)= 7.32, p< .01, rj^-.07. Separate analyses for men and 
women for the first and the last extinction trial were conducted. 
For men, this analysis yielded no significant interaction effect for 
Stimulus and Trial, p = .27, and Stimulus X Trial X Condition 
interaction, p = .80, meaning no extinction, with no differences 
between conditions. For women, this analysis yielded significance 
for Stimulus X Trial, F{1, 60) = d7.22,p< .01, rj^ = .38, meaning 
extinction of conditioned differential responding. No differences 
between groups were observed in this loss of conditioned 
responding, Stimulus X Trial X Condition interaction, p = .84. 

Analysis of the first extinction trial yielded a significant main 
effect for Stimulus, F(l, 97)= 41.38, p< .01, »7^= .30, and an 
interaction effect for Stimulus X Gender, F{1, 97) = 4.36, p = .04, 
rip — .04. Analysis of the last extinction trial also revealed a main 
effect for Stimulus, F{1, 97)= 9.67, p< .01, f;^ = .09, indicating 
there still was differential responding towards the CS+ and CS — 
on the last extinction trial, and men and women did no longer 
differ therein. 

Test phase. US Expectancy: The 2 (Stimulus) X 2 (Phase; 
last extinction trial and first test trial) X 2 (Condition) X 2 (Gender) 
Mixed ANOVA of ratings of US expectancy, yielded significance 
for Stimulus X Phase, f(l, 94) = 10.01, /*< .01, nj, = .10, and for 
the interaction of main interest. Stimulus X Phase X Condition, 
F{1, 94)= 8.44, ^< .01, >;^ = .08. Subsequent analysis of the test 
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Figure 5. Subjective affect ratings following the CS-i- and CS— during the preconditioning phase, extinction phase and test phase 
for men (top) and women (bottom) in the two conditions AAA and ABA. 
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Table 2. One-sample t-test results for Mean Approach Avoidance Task (AAT) bias score for CS+, CS-, CS-alike and neutral images 
in men and women in the AAA and ABA condition. 







Bias Score 


MEAN 


SD 


P 


Men AAA 


CS+ 


17.8 


44.8 


.10 




CS- 


15.6 


60.3 


.27 




CS-alike 


26.2 


34.6 


< .01 




Neutral 


6.3 


39.9 


.50 


ABA 


CS+ 


21.0 


48.1 


.07 




CS- 


21.4 


46.3 


.05 




CS-alike 


23.9 


47.6 


.04 




Neutral 


44.3 


60.1 


< .01 


Women AAA 


CS+ 


30.2 


53.7 


< .01 




cs- 


26.6 


55.4 


< .02 




CS-alike 


8.6 


56.4 


.40 




Neutral 


10.4 


48.4 


.26 


ABA 


CS-h 


54.7 


56.8 


< .01 




cs- 


47.2 


57.7 


< .01 




CS-alike 


37.4 


52.4 


< .01 




Neutral 


37.6 


61.1 


< .01 



A positive score indicates faster reaction times on approach (pull) trials compared to avoid (push) trials. 
doi:l 0.1 371/journal.pone.Ol 05955.t002 



PLOS ONE I www.plosone.org 



9 



August 2014 | Volume 9 | Issue 8 | e105955 



Extinction and Renewal of Sexual Responses 











c 




o 




•— 
















^ 




"D 




c 




n3 




>\ 




u 




c 




TO 




[J 




OJ 




a 








QJ 




u-i 




Z) 




T3 




OJ 
























Q 












l/l 








o 








TO 




TO 




13 




X 




QJ 




i/i 




QJ 




> 








ij 




o; 




-O 




^ 




i/i 




"D 




OJ 




C 




Q 
















o 




u 








Oi 




c 




TO 




_c 




u 




QJ 




_> 








u 












to 




T3 


en 


ne 


E 


g 


o 




S 


puo: 


and 


u 




c 


aj 




i/i 


e 


o 




Q. 




i/i 




OJ 








"to 


U 




<u 


'c 


JZ 


OJ 




ai 


(/I 


T3 


"g 


OJ 


(13 


Ion 


MO 






T3 


i/i 


c 


(U 


o 


'u 


u 


c 


c 


01 




"a 




c 




OJ 


1 




OJ 


01 




o 


ons 


idan 




o 




> 


OJ 


m 




-o 


b 


c 


u 


m 




^ 


u 


ble 


proa 


m 


Q. 


t- 


n3 



01 

O lA 



o a> 
u K 



< 



C^ 00 ro 



^2 



'I 

O M 



u 



< 



E 
I 



PLOS ONE I www.plosone.org 



10 



August 2014 | Volume 9 | Issue 8 | e105955 



Extinction and Renewal of Sexual Responses 



phase yielded a significant interaction for Stimulus X Trial, F{2, 
153)= 9.11, p< .01, i7^ = .09, and for Stimulus X Trial X 
Condition, F(2, 153)= 8.31, /)< .01, J?^ = .08. As can be seen in 
Figure 3, men and women showed recovery of US expectancy 
towards the CS+ on the test trials, as result of context switch. 
Inspection of Figure 3 also suggests increased responding towards 
the CS— for men and women in the ABA condition. Additional 
analysis of the last extinction trial and first test trial for only CS — 
responses, yielded a significant interaction effect for men for 
Stimulus X Condition, F{1, 94)= 12.05, p< .01, )7^ = .ll, 
indicating increased US expectancy would also follow the CS— 
as a result of context switch. 

Affective Value: The analysis of the last extinction trial and 
first test trial, yielded significant interactions for Stimulus X 
Condition, F{1, 95) = 5.32, p - .02, = .05, and most crucial to 
our hypothesis for Stimulus X Phase X Condition, f (1, 95) = 5.76, 
p = .02, rip = .06. Moreover, significant interactions were also 
found for Stimulus X Condition X Gender, F{1, 95) = 4.21, p = 
.04, rjj = .04, and Stimulus X Phase X Condition X Gender, f (1, 
95) = 8.20, p< .01, i]p = .08. Since men did not show conditioned 
responding after the acquisition phase on affective value ratings, 
further results for men were not reported. 

Separate analyses for women, revealed a significant interaction 
effect, F(l, 59) = 13.82, p< .01, = .19. Inspection of Figure 4 
suggests also increased responding towards the CS— on the first 
test trial for women in the ABA condition. Additional analysis of 
the last extinction trial and the first test trial for only affective value 
ratings towards CS- yielded a trend, F(\, 59)= 3.01, p< .09. 
Meaning affective value towards the CS— also increased as a result 
of context switch after extinction. 

Analysis of the test phase, yielded trends for Stimulus X 
Condition, p< .08, and for Stimulus X Trial X Condition, p = 
.07. Furthermore, the analysis yielded a trend for Stimulus X 
Condition X Gender, j&<. 06. The interaction effect of Stimulus X 
Condition indicates that the conditions differed in differential 
responding to the CS+ and CS — . The ABA condition showed 
recovery of conditioned responding and rated the CS+ as more 
positive as compared to the CS— . The significant interaction effect 
of Trial X Condition X Gender, indicates that there was a 
difference in responding between the two conditions between men 
and women, with only women showing recovery of conditioned 
responding, as can be seen in Figure 4. Additional analyses of the 
renewal phase for women, yielded significant interactions for 
Stimulus X Trial X Condition, F{2, 101) = 3Al,p= .04, rj^ = .06. 

Subjective Sexual Arousal: Analysis of the last extinction 
trial and first test trial, yielded significance for Stimulus X 
Condition, F(l, 94)= 8.21, p< .01, j/^ = .08, and most important, 
for Stimulus X Phase X Condition, F(l, 94)= 5.17, p= .03, 
r^p = .05. Also a significant interaction effect for Stimulus X 
Condition X Gender was seen, F{\, 94) = 5A\,p = .02, rjj = .05. 
Separate analyses for men and women, revealed no interaction 
effect for Stimulus X Phase X Condition in men, p = .54, whereas 
this analysis yielded a significant effect in women, F{1, 58) = 7.35 
p< .01, t]p- Al, meaning increased conditioned responding after 
context switch was observed only in women. Subsequent analysis 
of the test phase revealed significant interaction effects for Stimulus 
X Trial, f (2, 175) = 7.64, p< .01, f/^ = .08, and for Stimulus X 
Condition X Gender, F(l, 93)= 4.63, p= .03, = .05. 
Inspection of Figure 5 suggests these effects may be explained by 
larger responses by women to CS+ on the first test trial for the 
ABA condition, as compared to men. For men, additional analysis 



of the test phase, yielded no significant interaction for Stimulus X 
Trial, p = .25, whereas for women this interaction was significant, 
F{2, 101) = 939, p< .01, rjj = .14. For men only a main effect for 
Stimulus was found, F{1, 35) = 4.69, p< .04, J?^ = .12. 

Approach Avoidance Tendencies 

i-tests were used to test if bias scores deviated significantly from 
zero within each condition, see Table 2. Differences in AAT bias 
scores were analyzed with mixed ANOVA with Gender and 
Condition as between-subject factor and Image as within-subject 
factor (CS+, CS — , CS— alike and neutral objects). Contrary to the 
expectations, no interaction effect was found for Image X 
Condition, p — .28. Participants from the two conditions did not 
differ in approach and avoidance tendencies across all stimuli. 
However, a main effect for Condition was found, F(l, 95)= 5.17, 
p< .03, t]p = .05, reflecting more approach biases towards stimuli 
for participants in the ABA condition. Contrary to the expecta- 
tions, there was no main effect for Image, j!> = .62, but a there was 
a trend for Image X Gender, F{3, 258) = 2.39, p< .08, meaning 
men and women differed in their bias scores. Further testing 
revealed that men and women differed in CS+ bias score, t{97) = 
— 2.20, /; = .03. Women were faster in approaching the CS+ as 
compared to men. They were however also faster in approaching 
the CS— although this did not reach conventional level of 
significance, ^(97) = — 1.66, j!)< .10. 

Correlations between Conditioned Responses 

To investigate relationships between conditioned responses 
additional correlational analyses were conducted. We expected 
that the strength of the conditioned genital response would be 
positively related to the amount of change in subjective affect and 
subjective arousal and US expectancy. In addition, it was expected 
that the strength of the conditioned genital response would be 
positivc-ly related to the CS-I- bias score. To investigate these 
relationships, for genital responses on SIR and TIR and ratings of 
affect, and subjective sexual arousal and US expectancy, the 
difference between the response to the CS+ and the CS— during 
the first trial in the extinction phase was calculated by subtracting 
the response to the CS— from the response to the CS+. Pearson 
product-moment correlations between genital difference score 
during the first extinction trial, affect difference score, subjective 
sexual arousal difference score, US expectancy ratings difference 
scores, were calculated (see Table 3). 

Table 3 shows that there were no significant correlations 
between the strength of the conditioned genital response and 
conditioned subjective and behavioural measures in men. How- 
ever, in women, the strength of the conditioned genital response 
was correlated to the amount of change in subjective arousal and 
US expectancy. In addition, tlu; strength of the conditioned genital 
response was also correlated to the magnitude of the CS+ bias 
score. Interestingly, the CS— bias score did not show such 
correlations. 

Discussion 

The present study contributes to the growing literature on 
learning mechanisms in sexual beha\iors, and provides support of 
the central feature of Bouton's theors' of context dependency of 
extinction and renewal of conditioned responding in humans. We 
found evidence for this theory that an extinction procedure indeed 
does not erase conditioned sexual associations in humans but 
instead involves new learning that is context dependent. Changing 
context after an extinction procedure resulted in a significant 



PLOS ONE I www.plosone.org 



11 



August 2014 I Volume 9 | Issue 8 | el 05955 



Extinction and Renewal of Sexual Responses 



increase of subjective affect and subjective sexual arousal in 
women and increased US expectancy ratings to CS+ as compared 
to CS— in both men and women (ABA condition), whereas no 
such recovery was observed in the absence of a context change 
(AAA condition). These results are important, because so far, 
context dependency of extinction in the sexual domain has not 
been studied in human studies. 

However, it is crucial to mention that not all hypotheses were 
confirmed. First, no evidence for renewal was found for genital 
measures in men and women. For men, this can be explained by 
the fact that genital conditioning effects were not obtained. We will 
set out possible causes thereof hereafter. To be able to test for 
renewal, acquisition of conditioned responding has to be 
ascertained during the acquisition phase. Similarly, this also 
explains the finding that men did not show renewal of conditioned 
subjective affect during the test phase. 

However, although women showed conditioned genital re- 
sponding, no renewal of such responding could he observed. For 
women the absence of renewed genital conditioned responding 
can be explained by the fact that this is complicated when 
extinction of such responding is not completely ascertained during 
the extinction phase. Since women showed no complete extinction 
of differential genital responding it is not entirely surprising no 
renewal was observed. In a similar manner, as men did not 
demonstrate extinction of conditioned subjective sexual arousal, 
renewal of conditioned responding was made harder to detect 
during the test phase. 

As mentioned before, men did not show conditioned subjective 
affect. It can be speculated that the difference in US-evaluation 
between men and women can account for this. It appears that the 
vibrostimulation was a more effective sexual stimulus for women 
than for men, resulting in the absence of conditioned male genital 
response. Rowland and Slob [4,5] demonstrated that penile 
vibrotactile stimulation significantiy augments erectile response 
in the presence of an erotic videotape in healthy, sexually 
functional men. However, they found vibrotactile stimulation 
alone to produce the lowest level of genital and subjective sexual 
arousal compared to erotic film. In the present study, men 
declared to have liked the vibrostimulation as much as women did. 
Making it not entirely plausible for the vibrostimulation to have 
less sexual arousing properties for men, also reflected by clear 
conditioning effects on subjective measures of sexual arousal. 
Nevertheless, future studies on male sexual learning may consider 
vibrotactile stimulation combined with erotic film clips as US. In 
addition, it is suggested women have more erotic 'plasticity' [3.5], 
and men are more responsive to explicit erotic visual stimuli [33]. 
Results from the present study and another study from our lab 
(Brom et al., in preparation) support this notion. Using the same 
paradigm, but with sexually relevant CSs as the only difference, 
robust conditioned genital and subjective sexual arousal and affect 
was observed also in men, while making use of the same US. 
Therefore it seems that combination of a non-visual sexual US and 
neutral CSs is not sufficient to elicit conditioned genital responding 
in men. With respect to genital arousal, the present study 
contributes to the accumulating evidence [43,44] that women 
can be sexually conditioned to initially neutral stimuli, whereas our 
results do not support such a straightforward mechanism in men, 
at least, when making use of a tactile US. However, making use of 
sexually exphcit visual stimuH as US, conditioned responses 
towards an initial neutral CS (a penny jar) were observed by 
Plaud and Martini [46]. It could be that once sexual preferences 
are established [32], men are less susceptible to sexual learning to 
cues that differ too much from their developed preference 
[23,34,47]. However, future research in men and women, making 



use of both neutral and sexual relevant CSs and visual and 
vibrotactile USs should be done to be conclusive about this. 

Although the finding that men did not show conditioned genital 
response is in line with earlier sexual conditioning studies [24], 
these findings oppose the existing idea that men are more receptive 
to sexual conditioning than women [9,23]. More studies on sexual 
learning in both sexes are needed before we can draw any firm 
conclusions about gender differences in sexual conditionabUity. 
The observed differences between men and \vomcn may not 
reflect pure gender differences in sexual conditionahility, but may 
also be explained by differences in sample size and US 
effectiveness. In addition, we also should mention that sexually 
conditioned responses have generally been found to be small, 
especially with a neutral CS [24,48]. For example, in their sexual 
conditioning experiment, Klucken et al. [25] did also not find CRs 
(n = 40), but making use of an increased number of participants 
(n = 100) Klucken et al. [26] did. Therefore, an explanation for the 
missing results could be decreased power. 

This study is the first investigating whether initially neutral cues 
win elicit approach tendencies through their mere pairing with a 
sexually rewarding outcome. Contemporary emotion theories 
propose that sexual arousal, like any emotion, is a composite of 
subjective experience, physiological activity, and action disposition 
[49-51]. Some theorists state emotions are primarily action 
tendencies that are reflected in physiological activity and subjective 
response [52,53]. In such a framework, the fact that a CS elicits 
sexual arousal response after pairing with a sexually rewarding US 
implies that the CS also elicits an approach tendency: the 
approach tendency installed through Pavlovian reward learning 
is translated into overt action. Although women in the AAA 
condition had an approach bias towards the CS+ and CS— , and 
ABA condition towards all stimuli, in the present study, men and 
women differed in implicit approach tendencies towards the 
stimulus that was paired with vibrostimulation, with women 
significantiy faster approaching the CS+ than men. In women the 
CS+ eUcited a more robust sexual arousal response as compared to 
men. This conditioned female sexual response translated into 
subjective experience, physiological measures and in action 
disposition. Given the finding that a less robust conditioned male 
sexual response was observed, strong approach tendencies could 
not be expected. 

Contrary to expectations, but in line with results from another 
conditioning study from our lab (Brom et al. in preparation), men 
showed a smaller penile circumference in response to the CS-I- 
compared to the CS— during the acquisition on the timeframes 
during vibrostimulation and also on timeframes when vibrostimu- 
lation no longer was applied. This finding does not lend itself to 
unambiguous interpretation. However, former research on auto- 
matic processing of sexual stimuli also found male genital 
responses to be opposite to the predictions: genital responses 
towards sexually primed targets were lower than responses to 
neutrally primed targets [50]. Those results were explained by 
physiological processes of penile erection. During the initial phases 
of erectile response, the penis undergoes an increase in length, and 
this is associated with a simultaneous decrease in circumference. 
Therefore, the physiology of penile erection may also account for 
the results found in the present study. 

Quite puzzling is the obserx^ation of significant renewal effects 
for the CS— were observed on different measures. VervUet, 
Baeyens, Van den Bergh and Hermans [54] noted that this 
increase in responding is quite common in studies on human 
spontaneous recovery and reinstatement. They suggested that this 
increased responding to the CS— can be explained by the CS— no 
longer being a neutral control stimulus in the test phase. It is 
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possible that in the acquisition phase the CS— acquires inhibitory 
associations with the US. As a consequence of context change, this 
inhibition may be disrupted. According to Vervliet and colleagues 
the CS— may therefore not be the best control stimulus, as it may 
share the basic process of extinction: inhibition. 

A limitation of the present study is the absence of a between 
subjects (unpaired) control group. Without such a control group it 
is difiicult to determine whether and what learning has occurred, 
especially for men. At present it is unclear if the increased genital 
arousal towards the CS+ and CS— was due to conditioning or to 
pseudo conditioning. The possibility of sensitization of sexual 
arousal would translate into increased genital responses across 
trails, and not in differential responding towards the CS+ and 
CS— per se [55,56]. Therefore, making use of such a control 
group in future research is desirable. 

In line with earlier research on conditioning of appetitive 
responses [20], we demonstrated that not all behavioral and 
emotional changes produced by classical conditioning are orga- 
nized in the same fashion. One interesting possibility is that US 
expectancy and subjective ratings of the CSs are not as much 
influenced by nonspecific sensitization effects of the US. As 
expected, results from the present study demonstrated that 
participants can learn to expect to receive a sexual reward when 
presented the CS+ and not to receive sexual reward when 
presented the CS — . Our data suggest that conditioned subjective 
affect and arousal, and conditioned approach tendencies and 
genital arousal differ from conditioned US expectancies. This 
divergence may reflect a more fundamental difference, which 
raises the question of whether there is evidence for similar 
discrepancies between such measures in other appetitive para- 
digms (e.g. nicotine addiction). However, our data did demon- 
strate that in women conditioned US expectancy is correlated with 
conditioned affective value, conditioned subjective sexual arousal 
and conditioned genital arousal. In men, conditioned US 
expectancy was slightly correlated with conditioned subjective 
sexual arousal. Interestingly, in men, conditioned subjective sexual 
arousal is highly correlated with conditioned affective value, 
whereas in women it is not. This suggests that different response 
systems do not always behave in synchrony with each other in a 
sexual conditioning procedure: US expectancy, subjective sexual 
arousal and subjective affect may go hand in hand during this 
process of conditioning in men, whereas in women subje('ti\'c 
sexual arousal does not seem to increase aiTective \'alue, or vice 
versa. Further research should illuminate if this pattern is specific 
for sexual paradigms or if those behavioral and emotional changes 
produced by classical conditioning can be found in other 
appetitive conditioning procedures (e.g. substance addiction). 

The present results may have implications for the treatment of 
sexual disorders with a learned component, like hypo- and 
hypersexuality. Extrapolating to clinical practice, the renewal of 
conditioned sexual responding may be observed in the relapse 
patients experience when leaving treatment context. Supported by 
results from the present study, it can be concluded that in the 
treatment of sexual disorders with a learned component it is 
important to reduce relapse after exposure treatment by general- 
ization of extinction to other contexts and with multiple sexual 
stimufi. With respect to hypersexuality or paraphilia, this could 
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mean applying treatment techniques in the context (e.g. a red-light 
district) in which the problematic behavior is experienced. 

However, because it is evidently impossible to cover all sorts of 
situations or stimuli in therapy sessions, there will always be a 
certain risk for patients to relapse when confronted with a 
particular object, situation or m(-ntal state. Therefore, it may be a 
highly promising perspective to focus on processes that modulate 
hippocampus-dependent contextual processing during extinction 
procedures. The glutamatergic N-methyl-D-aspartate (NMDA) 
receptor is considered essential for long-term potentiation, a 
process that underhes learning and extinction [57]. D-cycloserine 
(DCS), a partial NMDA receptor agonist, has been shown to 
facilitate extinction of learned fear in rats [58,59], and in humans 
to facilitate extinction of fear and addictive behavior [13]. The 
promising results from the studies on pharmacological agents in 
aversive extinction memory need to be rephcated in appetitive 
conditioning paradigms, in order to know whether they are also 
applicable in extinction procedures of appetitive disorders. 

In conclusion, this is the first observation of the renewal 
phenomenon of conditioned sexual responses and sexual reward 
expectancy in humans. The present research has demonstrated 
that genital and subjective sexual arousal seem to behave 
differentiy with regard to extinction and sensitivity to context 
changes. The results make clear that sexual arousal or the 
expectation of sexual reward can come under stimulus control by 
contextual cues associated with states of sexual reward. This makes 
clear that basic learning processes play a significant role in the 
development of human sexual behavior, and emphasizes the 
importance of future studies on sexual conditioning and related 
phenomena, and pharmacological influences thereof. 
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